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Dermal Application System for Amino laevulinic Acid Derivatives 

The present invention relates to a dermal application system 
for aminolaevulinic acid derivatives. 

The topical use of 5-aminolaevulinic acid (S-ALA; in the 
following referred to as ALA or 5 -ALA) ) in the treatment of 
superficial skin tumours, in particular basaliomas, was first 
described in 1990 by Kennedy et al . (J. Photochem. Photobiol . 
B. 6 (1990) 143-148), wherein primarily visually recognisable 
tumours are locally brought into contact with ALA. ALA is 
selectively absorbed and accumulated by tumour tissue, so 
that it leads to increased porphyrin formation and 
concentration only there, whilst the healthy tissue remains 
essentially unaffected. The effect of ALA is based on 
stimulation of the body's own porphyrin formation. As the 
porphyrin fluoresces strongly when irradiated, the ALA- / 
porphyrin accumulation in the tumour tissue can be utilised 
for diagnosis of pre-cancerous and cancerous lesions and for 
photodynamic therapy of tumour diseases. 



The pharmaceutical formulation of preparations of ALA and of 
its derivatives is subject to practical limitations due to the 
instability of 5 -ALA and ALA derivatives in aqueous solution. 
Thus, at a very low pH value, ALA proves to be sufficiently 
stable, but as the pH-value increases, the stability declines 
steadily (cf. Rodriguez et al . , S.P.I.E. (Society of Photo- 
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optical Instrumentation Engineers) 2371 (1995) 204-209) . A 
fresh ALA solution for example, at an approximate 
physiological value of 8 , after just two weeks has only 
approx. 10% of undecomposed active substance. For this reason, 
ready-to-use ALA preparations such as solutions and ointments 
are not commercially available, but have to be prepared fresh, 
starting from pure ALA, immediately before application, and 
will then keep for a very limited period, typically less than 
two weeks . 

A 5 -ALA methyl ester ointment (Metvix®) known in the art will 
also keep only for a few days in the refrigerator after 
opening. 

EP 0 704 209 Al relates to ALA-containing compositions in 
particular in the form of gels, emulsions and the like, with 
the disadvantages described above. 

WO95/05813 and WO96/06602 disclose compositions for dermal 
application of ALA, which have a comparatively low release 
speed for the active substance. 

An object of the present invention is therefore to provide a 
preparation containing ALA or a derivative thereof, which is 
in the form of a ready-to-use formulation and has storage 
stability with minimised decomposition of the ALA or ALA 
derivative . 

The problem is solved by the dermal application system of the 
present invention. This system is a self-adhesive matrix 
system, whose polymer matrix contains crystallinic 
aminolaevulinic acid or a cristallinic derivative thereof in 
the particle size range of less than approx. 200 \im. 

As used herein, "derivative" is understood to mean a 
chemically modified form of ALA, such as for example salts or 
esters of ALA. 

The mentioned derivatives include the compounds disclosed in 
WO 96/2 8412, in particular compounds of the general formula 
R 2 2N-CH2COCH 2 COOR 1 , wherein R 1 may represent an alkyl residue, 
which is optionally substituted by a hydroxy, alkoxy, alkyloxy, 
alkoxycarbonyloxy , amino, aryl, oxo, or fluoro group and 
optionally interrupted by oxygen, nitrogen, sulfur, or 
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phosphorous atoms, and each of R 2 independently from one another 
represents a hydrogen atom or a group like R 1 , including salts 
thereof. According to a preferred embodiment, the aryl group is 
a phenyl residue or a monomembered 5 to 7 membered 
heteroaromatic residue. R 1 can be a linear or branched 
unsubstituted alkyl group (general formula -C n H 2 n+i; n is a 
natural number from 1 to 10) . Particularly preferred according 
to the invention are 5-amino levulinic acid methyl ester, 5- 
amino levulinic acid ethyl ester, 5-amino levulinic acid propyl 
ester, 5-amino levulinic acid butyl ester, 5-amino levulinic 
acid pentyl ester, 5-amino levulinic acid hexyl ester, 5-amino - 
levulinic acid heptyl ester, 5-amino levulinic acid octyl ester, 
or pharmaceutical ly acceptable salts thereof. The preparation of 
these compounds is for example described in WO 96/28412. 

According to a preferred embodiment of the invention, the 
application system may contain one or several ALA derivatives, 
optionally in combination with crystallinic amino levulinic acid 
(ALA) . As far as ALA or ALA derivative is mentioned herein 
below, the mentioned combinations can be understood by that as 
well . 

Within the framework of the present invention, it has 
surprisingly been established, that a rapid release of the ALA 
or the ALA derivative is not adversely affected by the choice 
of the self-adhesive polymer matrix. Due to the selected 
crystal size range, the sedimentation of the ALA crystals (or 
crystals of the ALA derivative, respectively) is prevented, 
and a homogenous distribution of the active substance 
predominates in the matrix. 

Possible dermal application systems include the PSA-type 
matrix systems (PSA: Pressure-Sensitive Adhesive) known 
hitherto, as described, e.g. in Sugibayashi et al . , J. 
Control. Rel. 29 (1994) 177-185 (cf . in particular Figures la 
and le) , or in the monograph " Pharmazeutische Technologies 
Moderne Arzneiformen" [Pharmaceutical Technology, Modern Drug 
Forms] (Chapter on xy Transdermal e Therapeutische Systeme" 
[Transdermal Therapeutic Systems], M. Dittgen; Publisher: R. 
Muller, G. Hildebrand, Wissenschaf tliche Verlagsgesellschaf t 
Stuttgart, 1997) . 



The application system according to the invention preferably 
contains a water-permeable polymer matrix, which especially 
preferably is only partially water-permeable. 

The self-adhesive polymer matrix is preferably formed from 
polymers of the group consisting of 



which optionally contains softeners, such as e.g. citric acid 
esters (e.g. acetyl tributyl citrate, ATBC) . 

For the choice of matrices, polymers are preferred, which have 
only low solubility vis-a-vis ALA, such as e.g. ethyl 
acrylate-methyl methacrylate-copolymerisate (Eudragit NE) . 
Also advantageous is adequate adhesiveness, which makes it 
possible to produce self-adhesive matrix systems, which can be 
achieved by the addition of softeners (such as e.g. ATBC) . 

As a self-adhesive polymer matrix, Eudragit NE (NE) with 
acetyl tributyl citrate (ATBC) as softener is especially 
preferred, in particular in the NE / ATBC mass ratio of 1:0.5 to 
1:2.5. 

Within the framework of the present invention, it has been 
shown that ALA crystals (or crystals of the ALA derivative, 
respectively) with a (mean) diameter of less than 2 00 \im, 
preferably 20 to 200 pm, especially preferably 30 to 190 \im, 
are particularly advantageous. Crystals with a diameter of 90 
to 160 jam are most preferred. 

In the dermal application system according to the invention, 
ALA is preferably used in a concentration of up to 5 0 wt.%, in 
particular of at least 1 wt . % relative to the ready-to-use 
polymer matrix. An ALA concentration of approximately 2 0 wt.% 
is especially preferred. 

An embodiment of the invention which is particularly preferred 
according to the invention, relates to an application system 
in which crystals possess a diameter of 90 to 160 jam, and the 
polymer matrix consists of Eudragit NE (NE) and acetyl 
tributyl citrate (ATBC) in the NE / ATBC weight ratio of 1:0.5 



a) 
b) 
c) 



acrylates , 

silicon polymers and 
polyisobutylene, 



to 1:2.5., ALA being present in a concentration of up to 50 
wt.% relative to the ready-to-use polymer matrix. 

The invention further relates to a method for the production 
of this application system, wherein freeze-dried Eudragit NE 
(NE) with acetyl tributyl citrate (ATBC) is dissolved in 
acetone, in the NE/ATBC mass ratio of 1:0.5 to 1:2.5, after 
which ground aminolaevulinic acid in the particle size range 
of 90 to 160 pm is dispersed in the acetone solution, and the 
dispersion thus obtained is drawn to produce a thin film on a 
carrier (cover foil), and dried for 45 minutes at 60 2 C.# 

According to a preferred embodiment of the invention, a 
mixture of different ALA derivatives, or a mixture of one or 
several ALA derivatives and ALA, can be used instead of one 
ALA derivative. 

The application system hereby provided is characterised in 
particular by the fact that ALA or ist derivative, 
respectively, in contrast to active substances of conventional 
patch systems /transdermal application systems, is released 
very rapidly and can penetrate the skin. On the basis of 
existing data and knowledge of the field of transdermal 
therapeutic systems, the high release speed was no more 
foreseeable than the extremely high storage stability and the 
long storage duration thus made possible (i.e. storability 
with minimum decomposition of ALA or of ist derivative, 
respectively) . 

According to a particular embodiment of the invention, at 
least 3 0% of the ALA or of the ALA derivative 

dispersed/ suspended in the polymer matrix is released by the 
application system within 30 minutes. Due to this rapid 
release of active substance, the time needed for the 
application system to take effect can be reduced in comparison 
with conventional applications by means of ointments or 
cremes, i.e. the contact time of the dermal application system 
is clearly shorter than the application duration of ALA- 
containing ointments and cremes used hitherto, to apply the 
same quantity of active substance. In comparison with the 
ointments or cremes mentioned, the application system further 
has the advantage that ALA can be applied to a sharply 
delimited area of skin in a targeted manner, whilst the 
application forms used hitherto in the state of the art do not 
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allow this, and penetration of surrounding regions of skin can 
therefore result. 

With the dermal application system of the present invention, a 
stable ready-to-use preparation of ALA or of an ALA derivative 
is thus made available for the first time, which even after 
storage for a period ranging from a few weeks to several 
months, shows no essential decomposition of ALA or of the 
derivative. As was surprisingly found, in the system according 
to the invention, immediately after production and after six 
months' storage at 25 2 C, there are no essential differences as 
regards release of the active substance and skin penetration 
in vitro or in vivo. 

Compared with an ointment, the application system of the 
invention is clearly more practical since it does not require 
an additional cover during the time of application, in order to 
protect the patient's clothes. Further, no additional light 
protection layer is required, in order to protect the active 
substance from premature irradiation. 

The application system mentioned is particularly suitable for 
use in photodynamic therapy and/or diagnosis of pre- 
cancerogenic or carcinogenic skin lesions, in particular of 
skin tumours (basaliomas) . 

The present invention is described below with reference to 
examples, wherein, instead of ALA, also the afore mentioned 
ALA derivatives, in particular 5-amino levulinic acid methyl 
ester, 5-amino levulinic acid ethyl ester, 5-amino levulinic 
acid propyl ester, 5-amino levulinic acid butyl ester, 5-amino - 
levulinic acid pentyl ester, 5-amino levulinic acid hexyl ester, 
5-amino levulinic acid heptyl ester, and 5-amino levulinic acid 
octyl ester, can be used. 

EXAMPLES 



Example 1 

Production of a dermal application system according to the 
invention : 
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The patch production can be carried out by means of "Solvent 
Evaporation", "Hot Melt", or other suitable methods (cf. e.g. 
T. Peterson et al . , "Design, Development, Manufacturing and 
Testing of Transdermal Drug Delivery Systems" in "Transdermal 
and Topical Drug Delivery Systems"; T. Ghosh and W. Pfister, 
Ed.; Interpharm Press 1997, Buffalo Grove, IL/USA) . This is to 
be illustrated with reference to the "Solvent Evaporation" 
method. 

According to one embodiment of the invention, ALA is first 
ground and classified, the particle size range 90 to 160 yim 
being used. Freeze-dried Eudragit NE (NE: carrier polymer) was 
dissolved together with acetyl tributyl citrate (ATBC; 
softener) in acetone, in an NE/ATBC ratio between 1:0.5 and 
1:2.5. This was followed by the addition and dispersion of ALA 
in concentrations in the finished films of up to 50 wt . % 

(% g/g) . The preparation was then drawn to produce a thin film 
on a cover foil and dried at 60 S C for 45 min. As a cover foil 

(or peel-off foil for the side of the film that comes into 
contact with the skin) , Melinex 813 or a siliconised cover 

foil were found to be particularly suitable. 

The adhesiveness of the film can be varied by the ALA content, 
the polymer used and the proportion of softener (in this case 
ATBC) . The ALA release and its permeation through intact skin 
is influenced by ATBC (softener effect /permeation promotion 
effect) . 

In contrast to the conventional transdermal therapeutic 
systems (TTS) , because of its high degree of hydrophily with 
all loads > approx. 1 wt . % (% g/g), ALA is mostly present 
suspended in the lipophilic NE/ATBC matrix. 



Example 2 

The ALA particles have a size of between approx. 90 and 160 \im 
and are homogenously distributed in the patch. 

A homogenous distribution of the ALA particles in the finished 
patch requires a minimalisation of the sedimentation of the 
particles in the liquid polymer/ softener /ALA preparation 
during the patch production. This is achieved by optimising 
the viscosity of the preparation by adjustment of the polymer 
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concentration. The sedimentation behaviour of the ALA 
particles is reduced by an increase in viscosity. 



Concentration of NE 
[%g/g] in solution 


Viscosity of the 
solution [mPas] 


Sinking speed of 
the ALA particles* 
in solution 
[um/lOs] 


12 


446 


396 


18 


2180 


119 


24 


3510 


3 



* Sieve fraction 60-90 pm 



An applied NE concentration of > 2 5% g/g guarantees a minimum 
sedimentation speed of the ALA particles. 

For other polymer matrices, i.e. other polymers, other ALA 
particle sizes may prove to be advantageous, which can be 
simply ascertained by the person skilled in the art in 
accordance with the available information and examples. 

Example 3 

ALA in the patch is stable in the long term. 

The release of ALA/ skin permeation from the patch directly 
after production and after 6-months' storage at 2 5 2 C shows no 
essential differences (Fig. 1) : 

To determine the release profile, the patch is clamped in a 
Franz diffusion cell (cf. e.g. K. Tojo, "Designated 
Calibration of in vitro Permeation Apparatus" in "Transdermal 
Controlled Systemic Medication"; Y. Chien, Ed., Marcel Dekker, 
1987) at 33 9 C. Samples of the aqueous acceptor solution are 
taken after various lengths of time and their ALA content 
determined by means of the f luorescence/derivatisation HPLC 
method. 

Example 4 



By use of a patch, ALA can be homogeneously applied to skin 
lesions . 
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The extremely easy handling of the patch systems represents an 
essential improvement for doctor and patient compared with 
ointment bases. A corresponding ALA-containing patch can be 
precisely trimmed to fit the area of skin to be treated. This 
reduces treatment of the surrounding area of skin which is not 
covered by the patch. 

By application via a patch, the application is sharply 
delimited, without also penetrating surrounding regions of the 
skin. 

After 3 hours' application of a patch loaded with 20% ALA 
(Eudragit NE/acetyl tributyl citrate 1:1) on the forearm, the 
fluorescence of the skin area is measured. Figure 2 shows that 
fluorescence is sharply delimited to the size of the patch and 
is homogeneous in appearance. 

Example 5 

Surprisingly, in contrast to conventional TTSs, a high 
proportion of the load of active substance is released within 
a very short time. 

Conventional TTSs are loaded with a multiple of the dose of 
active substance actually required (Dittgen, M. w Transdermal e 
Therapeutische Systeme" in " Pharmaceutische Technologie; 
Moderne Arzneiformen" ["Transdermal Therapeutic Systems" in 
"Pharmaceutical Technology; Modern drug forms"] Miiller, R & 
Hildebrand, G., Ed.; Wissenschaf tliche Verlagsgesellschaf t 
Stuttgart, 1997) . This excessive load is necessary, so that 
the active substance is released over a period of 1-7 days at 
an approximately constant rate by means of passive diffusion. 
During this application period, only a proportion <50% of the 
total active substance load is released. 

Comparative example 1: Scopolamine TTS (Ciba) is a membrane- 
controlled patch and contains a total of 1.5 mg Scopolamine. 
It releases 170 yig of Scopolamine per day, and is worn for 
three days. At the end of the third day approx. 30% of the 
total active substance load is therefore released. 

Comparative example 2: Estraderm TTS 25 (Geigy) is an adhesive 
membrane-controlled patch and contains a total of 2 mg of 
Estradiol. It releases 25 iig of Estradiol per day, and is worn 
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for 3-4 days. During this application period, approx. 5% of 
the total active substance load is therefore released. 

In contrast to conventional TTSs, surprisingly, the release of 
ALA from the NE/ATBC suspension patch was found to be 
extremely rapid. Figure 3 shows the release profile for ALA, 
measured in vitro, from the 250 jam-thick patch of NE/ATBC 

(1:2.5) with a load of 20% g/g ALA (sieve fraction 90-160 jam). 
The plaster contained in total approx. 4 mg ALA/ cm 2 and after 1 
minute had already released more than 500 \ig ALA 

(corresponding to 12.5% of the total active substance load). 
After 3 0 minutes, more than 1 . 3 mg ALA (corresponding to 32% 
of the total active substance load) had been released. The 
release profiles were carried out as described in Example 3. 

The reason for this extremely rapid release is to be found in 
the particular construction/morphology of the dermal 
application system (suspension patch) . Due to the presence of 
suspended ALA in the NE/ATBC matrix, 90 to 160 vim large ALA 
particles project partially through the surface of the ca . 2 50 
ym thick matrix (cf. Fig. 4). 

After brief contact with the aqueous release medium, the ALA 
particles projecting through the surface are no longer 
detectable (Fig. 5) . 

This unexpectedly rapid "surface decomposition" of the ALA 
particles is a direct consequence of their high level of 
hydrophily and leads to the extremely rapid release of the ALA 
from the patch observed (cf. Fig. 3). 

Example 6 

The time needed for the patch system to take effect for the 
photodynamic therapy (PDT) is approximately 3 0% shorter when 
compared with other applications using ointments or cremes. 

Determination of the permeation of active substances through 
membranes of excised human stratum corneum/ epidermis can be 
carried out using Franz cells and represents a suitable model 
for in vivo absorption through human skin. Figure 6 shows the 
release/permeation profile for ALA from the NE/ATBC (1:2.0) 
patch with a film thickness of 2 50 \im and loaded with 2 0% ALA 
of the sieve fraction of 90 to 160 pm. 
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After 24 hours, approx. 300 yg ALA have already passed through 
human skin membrane . In comparison, Figures 7 and 8 show the 
distinctly lower release/permeation profiles of ALA from the 
ointment bases Psoralon-Fettcreme® (which contains 10 wt . % 
ALA) and hydroxyethyl cellulose gel (whrch contains 10 wt . % 
ALA) . 

From both t-hese ointment bases, after 24 hours less than 10 \ig 
ALA have passed through the human skin membrane. Clearly ALA 
is resorbed through the human skin membrane more rapidly and 
in greater quantities from the patch system. A comparison of 
the permeation rates makes this clear in quantitative terms: 



System/Base 


Permeation rate 
[yig/cm 2 /h] 


NE/ATBC (1:2) patch 


12 


Psoralon-Fettcreme® 


r~ 0.3 


hydroxyethyl cellulose gel 


0.18 



A more rapid/ stronger effect of the patch in comparison with 
the ointment base during in vivo PDT is therefore to be 
expected. 



Fig. 9 shows the measured fluorescence intensity in healthy 
test subjects (forearm) depending on time. The intensity of 
the NE/ATBC (1:2) patch loaded with 2 0% ALA amounted after 2 
hours to approx. 80% and after 3 hours to approx. 140% of a 
standard fluorescence preparation. A 50% ALA load of the 
patch, in comparision with 20% ALA load of the patch does not 
give any further increase in fluorescence intensity. The 
measured fluorescence intensity with Psoralon-Fettcreme® (2 0% 
ALA load) after an incubation period of 3 hours is distinctly 
lower (by approx. 60% than that from the NE/ATBC (1:2) patch 
(2 0% ALA load) worn for the same length of time (3 hours) . 
With the application system according to the invention, 
distinctly shorter incubation (application) times can thus be 
achieved than with application forms such as ointments or 
creams . 



